I N T RO D U C T I O N
Plateaus are large-wavelength high-elevation topographical features, which are believed to be supported either by isostatic compensation of density contrasts within the lithosphere or by vertical tractions at the base of the lithosphere due to mantle convection (Molnar et al. 2015) . Mantle convection also alters the density variations of the uppermost mantle by advection of buoyancy anomalies. The joint effect of viscous stresses and buoyancy variations on surface elevation is generally referred to as dynamic topography.
Anatolia is an orogenic plateau of Neogene age, located on the upper plate of Eurasia-Africa/Arabia convergence (Dewey et al. 1986) . Its eastern part, the East Anatolian High Plateau (EAHP) is believed to be dynamically supported (Şengör et al. 2003; Zor et al. 2003) . Recent models predict kilometre-scale dynamic topography of both the EAHP (Gögüş & Pysklywec 2008; Boschi et al. 2010; and the Central Anatolian plateau (Faccenna et al. 2006; Bartol & Govers 2014) . These studies report dynamic topography estimates ranging from 1 to 3 km for various crustal models and geodynamic scenarios.
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The conundrum of isostatic versus dynamic topography is part of the general discussion on the deformation of Anatolian lithosphere. The engine of deformation of the Anatolia-Aegean domain (AAD) is still debated, in particular the role of mantle convection at regional scale and the related basal tractions, versus the role of gravitational potential energy (GPE) stored within the lithosphere (e.g. Özeren & Holt 2010) . Mantle convection is primarily driven by density contrasts below the lithosphere, whereas GPE reflects processes above a compensation depth, usually at the base of the lithosphere (Ranalli 1995) . Hence, studying the support of the Anatolian plateau may provide crucial evidence to understand the dynamics of the AAD, and it can also give clues on the dynamics of large-scale belts (e.g. Molnar 1988) .
Crustal and mantle processes in the Anatolia-Aegean region either contribute to or counteract buoyancy. Crustal thickening (via mechanisms such as sedimentation, pure shear, crustal flow, nappe stacking, etc.), delamination and/or detachment of mantle lithosphere and underplating of buoyant density anomalies are examples of such processes. Therefore, the response of the crust-mantle boundary to lithospheric or sublithospheric processes affects various observables.
In this study, we provide an accurate crustal thickness map of the AAD computed from a large volume of broadband seismic data. In addition, we display high-resolution seismic sections of the internal structure of the crust in Western Anatolia (WA) and Central Anatolia (CA). We combine seismic observations with gravity anomaly data to constrain the relations between surface topography and crustal thickness, density and normal tractions applied to the base of the lithosphere. Our crustal thickness model is highly correlated with the topography suggesting that the Anatolian plateau is close to isostatic equilibrium. This result differs from other studies that suggest the out-of-equilibrium state of the Anatolian crust/lithosphere (e.g. Şengör et al. 2003; Komut et al. 2012) . The observed west-to-east constant gradient of topography and crustal thickness suggests that GPE is an important player in the westward motion of Anatolia and in shaping the topography and the crust-mantle interface.
We propose that the thin lithospheric mantle below the Central and Eastern Anatolian plateaus evidenced from previous tomography studies (e.g. Bijwaard et al. 1998; Bijwaard & Spakman 2000; Piromallo & Morelli 2003; Salaün et al. 2012; Karabulut et al. 2015; Kind et al. 2015) plays a key role in the thermal-mechanical weakening of the Anatolian crust. Lower crustal flow might be responsible for the smoothing out of the crust-mantle interface, in a similar process as the one proposed for the Tibetan plateau (e.g. Royden et al. 1997; Liu et al. 2014 , and references therein).
Tectonic setting
The AAD is located in the convergence zone between the African (Nubian), Arabian and Eurasian plates (McKenzie 1972) . Since the late Cretaceous, the subduction of the Neo-Tethys Ocean under the Pontide island arc and the accretion of Gondwana-derived terranes (Menderes Massif, Kırşehir Massif, Tauride platform) to the north at the end of the Eocene, resulted in the formation of the AAD (Şengör & Yılmaz 1981;  Fig. 1 ). This Eastern Mediterranean subduction resumed during Oligocene times (Şengör & Yılmaz 1981; Dercourt et al. 2000; Jolivet et al. 2003; Barrier et al. 2008; Brun & Faccenna 2008; Ring et al. 2010) . Continental collision of African and Arabian plates with Eurasian plate in the early Miocene has led to the formation of land-locked Mediterranean basins, which have controlled the subsequent evolution of the Mediterranean subduction zones. Such land-locked basin settings promote fast subduction rollback and contemporaneous collision, often side-by-side (Jolivet & Faccenna 2000) . After the mid-Miocene (ca. 8-12 Ma), a large-scale topographical inversion occurred within the AAD. The western region (ca. 2 km high) collapsed and submerged, ultimately forming the Aegean Sea (Le Pichon et al. 2002; Jolivet et al. 2013) . The central and eastern sections uplifted to form the eastern Anatolian high plateau (EAHP) and the central Anatolian plateau (CAP), with average elevations of 2 and 1 km, respectively (Şengör et al. 2008; Cosentino et al. 2012; Schildgen et al. 2014) . Volcanism developed and intensified from the beginning of the Miocene in both EAHP and CAP (Ercan 1985; Pasquare et al. 1988; Toprak & Göncöoglu 1993; Keskin 2003) .
Synchronously with these vertical motions, the North Anatolian Fault (NAF) developed on the pre-existingİzmir-Ankara-Erzincan Suture (IAES) during Serravalian times (age constrained from the oldest basins along the NAF) and propagated to the west (Şengör et al. 2005) . The East Anatolian Fault (EAF) initiated during the (mid-)Pliocene (Şaroglu 1985; Şaroglu et al. 1992; Westaway 1994 Westaway , 2004 Hubert-Ferrari et al. 2007 , 2009 due to the evolution of the triple junction between Anatolia, Africa and Arabia. After the formation of the NAF and the EAF, and adequate build-up of topography since the mid-Miocene, north-south convergence at the Eurasia-Africa/Arabia Plate margin transformed into predominantly E-W relative motions.
In brief, the AAD is characterized by a transient tectonic setting, where three major plate reorganizations occurred after the formation of: (1) the Early Miocene Bitlis-Zagros collision while subduction was ongoing at the Hellenic trench and extension in the Aegean domain, (2) the Middle Miocene initiation of the NAF and the uplift of both central and east Anatolia and (3) Late Miocene-Pliocene intensification of the deformation, with the initiation of EAF and westward extrusion of Anatolia (Allen et al. 2004) . Across length scales of ca. 2000 km, these changes are believed to be governed by a common deformational mechanism (McClusky et al. 2000; Faccenna et al. 2006 ).
Lithospheric structure
Regional plate boundaries are well defined: the North Anatolian Fault (NAF) accommodates the motion of Anatolia relative to Eurasia, while the East Anatolian Fault (EAF) accommodates the motion of Anatolia relative to Arabia (McKenzie 1976) . The plate boundary between the Nubian plate and the AAD follows the HellenicCyprus Trench and the Bitlis/Zagros collision zone (Özbakır et al. 2017) . The earthquake map of supplementary Fig. S1 shows that most earthquakes of the AAD are confined in the upper crust. The seismicity clusters along the NAF, the EAF and east-west trending grabens in Western Anatolia. In the Western Cyprus and Hellenic arcs, the distribution of earthquake hypocentres outlines a WadatiBenioff zone reaching depths of 110 and 180 km, respectively while there is no indication of a Benioff zone in the eastern Cyprus arc. The Cyprus arc has a much lower seismicity rate than the Hellenic arc. This is consistent with the convergence rate across the Hellenic Arc (∼35 mm yr -1 ) being about three times faster than across the Cyprus Arc (Reilinger et al. 2006) .
Existing global or continent-scale crustal thickness models have been compiled from various data (CRUST2.0: Bassin et al. 2000; CRUST1.0: Laske et al. 2013; EUcrust: Tesauro et al. 2008) while regional ones have been computed from higher quality datasets based on receiver function analysis (Tezel et al. 2013; Vanacore et al. 2013; Vinnik et al 2014; Abgarmi et al. 2017) and Pn residuals (Mutlu & Karabulut 2011) . Gravity modelling provided geometries of the crust-mantle boundaries for the Aegean Sea (Tirel et al. 2004) , and the Black Sea (Starostenko et al. 2004; Yegorova et al. 2013) . However, the resolution of these data is limited due to the limited spatial coverage and high uncertainties on estimated crustal thickness. A number of previous seismic studies have provided images of the lithosphere and subduction zones in the AAD. These include surface wave dispersion studies (Bakırcı et al. 2012; Salaün et al. 2012; Delph et al. 2015) , receiver-function analyses Karabulut et al. 2013; Vanacore et al. 2013; Kind et al. 2015; Abgarmi et al. 2017) , Pn tomography (Mutlu & Karabulut 2011) , seismic anisotropy measurements (Paul et al. 2014) , full waveform tomography (Fichtner et al. 2013 ) and traveltime tomography (Spakman et al. 1993; Bijwaard & Spakman 2000; Piromallo & Morelli 2003; Biryol et al. 2011) .
The teleseismic P-wave tomography by Biryol et al. (2011) displays fast wave speed anomalies beneath Anatolia that dip steeply and extend to the mantle transition zone at 660 km. Low velocity anomalies extend from central Anatolia (east of Cyprus) to eastern Anatolia reaching 400 km depth. The surface wave tomography of Salaün et al. (2012) shows an overall low-velocity zone (80-200 km depth) beneath Anatolia indicating warm asthenosphere underlying a thin mantle lithosphere, mainly within the Tauride unit. The shear wave velocity-depth profiles also show S-wave velocities lower than AK135 model all over Anatolia (Salaün et al. 2012) . The mantle tomographic models suggest that the mantle lithosphere is replaced by asthenospheric material in a number of places under Anatolia. Subducted slabs reach the mantle transition zone in the west beneath the Aegean Sea (Bijwaard et al. 1998 ), but they appear segmented at shallower levels, with slab windows below Western Anatolia, the North Aegean Sea and along the Central Anatolian Shear Zone. Such a thin lithospheric mantle presumably plays a key role in weakening the Anatolian crust by thermo-mechanical processes.
C RU S TA L T H I C K N E S S E S T I M AT E S

Data and methods
Crustal thicknesses were estimated using receiver function analysis on a large set of seismic data recorded in and around the AAD. We used standard methods that are extensively described in Supplementary Material S2 and Fig. S2 .
We selected three-component records of broadband seismic stations in Turkey and surrounding regions (see locations in Fig. 2a ). The database contains records from 460 stations of permanent and temporary arrays that operated between 1999 and 2015. The stations were installed by various agencies and through different international projects. The temporary deployments provided at least 1 yr of continuous data while data from permanent stations are available for longer durations (2-10 yr).
The crustal thicknesses were estimated from H-k analysis (Zhu & Kanamori 2000) and 1-D inversion of receiver functions at 460 stations (see Supplementary Material S2). The majority of stations are located in Turkey (400 stations), while 60 are located in surrounding countries (Greece, Bulgaria and Romania). Spatial coverage is good (<∼40 km interstation distance) for stations in Turkey, the Aegean Sea and mainland Greece, providing reliable estimates of crustal thickness variations. The coverage is poor in the Mediterranean Sea, Arabian platform and Caucasus region. Uncertainties estimated from H-k analysis vary between 2 and 4 km.
To fill-in the gap in the Black Sea, we included the crustal thicknesses estimated by Starostenko et al. (2004) and Yegorova et al. (2013) from the modelling of gravity data. Receiver function estimates of crustal thicknesses in Iran (Taghizadeh-Farahmand et al. 2015) and Iraq (Gök et al. 2008) were also used. The point-wise estimates of the crustal thickness were interpolated for a crustal thickness map (Fig. 2b ) using a Variogram-Krigging algorithm (Chu 2000) . (Starostenko et al. 2004; Yegorova et al. 2013) were included prior to interpolation. Areas of thick crust (>40 km) are shown as blue colour, while red colours indicate thin crust (<25 km). Fig. 2(b) shows that large variations of crustal thickness (20-47 km) are observed from western Greece to eastern Anatolia with large gradients from continental to oceanic regions (in the Black Sea and Mediterranean Sea). However, the crustal thickness variations are rather uniform with gentle gradients within each region, namely Central Anatolia (CA), Eastern Anatolia (EA), Western Anatolia (WA), Aegean Sea and Arabian platform. High topography and large crustal thicknesses in Eastern Anatolia (>45 km) generally overlap with the accretionary prism bounded to the south by the relatively thinner crust of the Arabian platform (35-37 km). In the Western AAD, crustal thicknesses are 25-30 km, increasing slightly to the north. The central Anatolian plateau appears as a broad transition zone between the thin crust of WA and the thicker crust of EA. The thicknesses decrease gradually from east to west, from ∼40 to ∼35 km. The major tectonic boundary between Anatolides and Pontides (along the NAF) does not show any significant crustal thickness contrast, but a trend of crustal thinning is observed towards the Black Sea coast. Crustal thicknesses in the Black Sea sharply drop to 19 and 22 km in the eastern and western Black Sea basins.
Crustal thickness variations
In the south of Anatolia, thicknesses decrease from ∼35 to ∼25 km in the Mediterranean Sea, with the exception of the north of Antalya Bay, where the thickness locally reaches ∼40 km. In the west, the crust is locally thinner, that is ∼25 km in the Marmara Sea and ∼24 km in the Cyclades. However, due the scarcity of seismic stations in the Southern Aegean Sea, the interpolation might have caused larger uncertainties for the local minima of crustal thicknesses in the southern Aegean.
In summary, the broad AAD is surrounded by the thin crusts (<30 km) of the Mediterranean, Aegean and Black Seas, while in Anatolia, crustal thicknesses increase from west to east from ∼35 km at approximately 30
• E longitude, to 45-47 km in EA with a gradual increase across CA.
Internal structure of the crust along two north-south profiles in WA and CA
In addition to the crustal thickness map, we present in Fig. 3 two high resolution depth sections of the lithosphere beneath two linear receiver arrays along longitudes 28
• E and 30.5
• E. The two profiles 200 km apart were installed during the SIMBAAD project and each was operated for 1 yr (see station location in Fig. 2a ; Salaün et al. 2012) . We used the common conversion point (CCP) method to migrate the P-to-S converted phases to their approximate position at depth (Zhu 2000) . We refer to supplementary material S2 for details and to Karabulut et al. (2013) and references therein. Fig. 3 compares the depth-migrated receiver function sections along the 30.5
• E and 28
• E profiles. The average receiver spacing along both profiles is ∼15 km providing a high-resolution image of the crustmantle boundary with the strength of Moho reflectivity and some details on the internal structure of the crust.
In the eastern profile at 30.5
• E (Fig. 3a) , the Moho is observed as a laterally continuous strip of positive amplitude between 35 and 43 km depth, with an average depth of ∼37 km. The Moho depth smoothly increases from 41.2
• N to 38.5
• N reaching ∼37 km beneath the Anatolian plateau. Beneath Isparta Angle at ∼38.5
• N, the Moho is shallower (∼35 km). The crust-mantle boundary has a complicated shape to the south of the Isparta angle where a local thinning is followed by a steep increase. The crustal thickness attains its maximum value of ∼42 km at the southern end of the profile above the subduction zone. The amplitude of the Moho converted phase is strong and shows no significant variation between 41.2
• N and 38
• N but it weakens south of the Isparta Angle. The western profile (28 • E; Fig. 3b ) is discussed in Karabulut et al. (2013) . Western Anatolia has a thin crust, from ∼25 km beneath the Sea of Marmara and the Menderes Massif to ∼22 km beneath the Mediterranean coast. The Moho beneath the metamorphic core complexes of the Menderes Massif is locally flat and displays longwavelength undulations with depth differences of 6-7 km in 150-km horizontal distance from the two Moho highs of the Marmara Sea and the Menderes Massif to the Moho low beneath theİzmir-Ankara suture zone.
We observe relatively weak mid-crustal conversions on the eastern profile at 15-20 km depths from the Black Sea coast to the Isparta angle (Fig. 3a) . On the western profile, there is no apparent mid or lower crust discontinuity, and only the shallow uppermost crust contributes to the observed converted energy above the crustmantle boundary (see Fig. 5b in Karabulut et al. 2013 ).
C O R R E L AT I O N S B E T W E E N C RU S TA L T H I C K N E S S , T O P O G R A P H Y A N D G R AV I T Y A N O M A L I E S
In this section, we investigate the isostatic state of the AAD and its implications for the residual topography of the Anatolian plateau. Our new crustal model derived from a dense seismic network gives us confidence on the accuracy of our calculations. However, we need reliable estimates of crustal and upper mantle densities to check the isostasy status and discuss the role of the mantle in supporting high elevations. Therefore, we analyse available seismic data and seismic velocity-density relations to derive reasonable density estimates.
Crustal thickness vs topography
First, we explore correlations between topography and crustal thickness using the GTOPO30 digital elevation model with short wavelength variations filtered (<∼100 km). Fig. 4 documents a linear relationship between elevation and crustal thickness: h = (T -26)/9.4, where h is elevation (in km) and T crustal thickness (in km), with high correlation coefficient (R 2 = 0.82). This strong correlation between crustal thickness and elevation suggests that the contribution of mantle buoyancy to surface elevation may be negligible. Furthermore, the high ratio (9.4) is likely an evidence for low density difference between crust and upper mantle. Fig. 5 displays comparisons between crustal thickness and topography changes along W-E profiles across the AAD. Crustal thickness and topography curves are scaled using the linear relation derived from Fig. 4 . Topography clearly correlates with crustal thickness for the three profiles across the Anatolian plateau between 37
• N and 40
• N, with a regular linear increase from W to E. However, the correlation and trend break down for the northernmost (Pontides) and southernmost (Taurides) profiles.
Crustal thickness versus Bouguer anomaly
A second observation is the correlation between crustal thickness and Bouguer gravity anomaly. As the Bouguer gravity anomaly is free of topographic effect, it is mostly related to mass excess or deficit below the observation point (i.e. crustal thickness and density anomalies at crustal and mantle depths). The free air anomaly was computed from EGM2008 model (Pavlis et al. 2012) . A Bouguer correction assuming plateau density of 2.67 × 10 3 kg m −3 was applied on land using DEM and we used free air anomalies at sea (see Fullea et al. 2008 , for Bouguer correction). The resulting Bouguer anomaly map shown in Fig. 6(a) is almost a mirror image of the crustal thickness map of Fig. 2(b) , particularly in Anatolia where crustal thicknesses calculated from receiver functions are best resolved. Fig. 6(b) shows the correlation between Bouguer anomaly and crustal thicknesses sampled at the same receiver sites: negative Bouguer anomaly values correlate with large crustal thicknesses and vice versa. The correlation in Fig. 6(b) proves that a nearly constant density difference between crust and uppermost mantle in the entire AAD well explains the observations. Using the linear relationship that gives the Bouguer anomaly g produced by a slab with thickness h and density contrast ρ ( g = 2π ρhG, where G is gravitational constant and h is taken as 35 km) gives a density difference between crust and mantle of ∼0.315 × 10 3 kg m −3 .
Crustal density variations
A homogeneous density difference between crust and uppermost mantle over the entire AAD is questionable as we know from seismic tomography that seismic wave velocities undergo significant lateral and vertical variations both in the crust and in the uppermost mantle below Anatolia (e.g. Mutlu & Karabulut 2011; Delph et al. 2015; Karabulut et al. 2015) . In this subsection, we estimate average crustal densities in a three-step process: (1) we map the lateral changes in density contrast at Moho using Bouguer anomaly data and our crustal thickness model; (2) we convert the Pn velocity model of Mutlu & Karabulut (2011) to a density model of the uppermost mantle assuming a linear relation between P-wave velocity and density and (3) the average crustal density model is obtained by subtracting the density change at crust-mantle boundary from the density of the uppermost mantle.
In the first step, we discretized the crustal thickness map in 30 × 30 km 2 cells and inverted for the density contrast at Moho by minimizing the misfit between observed and computed Bouguer anomalies. The details of the inversion are given in Supplementary Material S3. Fig. 7(a) shows the result of the inversion. The crust-mantle density contrast over the AAD is low (<∼0.35 × 10 3 kg m −3 ) as compared for example to 0.440 × 10 3 kg m −3 in the reference earth model AK135 (Kennett et al. 1995) or 0.480 × 10 3 kg m −3 in the global average computed by Tenzer et al. (2012) . Fig. 7(b) shows the histogram of density contrasts sampled at the receiver sites where the crustal thicknesses were computed (Fig. 2b) . The mean density contrast (0.320 × 10 3 kg m −3 ) is close to the value obtained from the linear regression in Fig. 6(b) . The low standard deviation (<0.1 × 10 3 kg m −3 ) indicates rather homogeneous density differences between crust and uppermost mantle all over AAD.
In the second step, we estimated the density variations in the uppermost mantle using the Pn velocity map of Mutlu & Karabulut (2011) and assuming a linear relation between velocity and density. A variety of velocity-density relations have been proposed (e.g. Nafe & Drake 1957; Birch 1961) , with many of them of the form ρ = a + b Vp. Various values of coefficients a and b are proposed for different regions. We selected four velocity-density relations computed by Romanyuk et al. (2007) for three different regions in southern California based on the inversion of gravity anomalies along regional transects and a more general one proposed by Ludwig et al. (1971) . They are shown in Fig. S4 , which documents that the differences between the relations lead to a rather small density difference of ∼50 kg m −3 for Pn velocity in the range 7.5-8.5 km s −1 . In the absence of additional constraints, we used the relation proposed by Ludwig et al. (1971) .
The Pn velocity model of Mutlu & Karabulut (2011) shown in Fig. S5 (a) displays large deviations (±0.4 km s −1 ) from the average 7.8 km s −1 . The lowest Pn velocities are observed beneath Anatolia (∼7.4 km s −1 ) while high Pn values are observed beneath the Black Sea, the Aegean Sea, the Mediterranean Sea and the Arabian platform (∼8.2 km s −1 ). The density distribution computed from Pn velocities is shown in Fig. S5(b) . Finally, the crustal densities shown in Fig. 7 (c) are obtained by adding the upper mantle densities to the computed density difference between crust and mantle. Low crustal densities are observed over the AAD, with the lowest values in Western and Eastern Anatolia (<2.8 × 10 3 kg m −3 ). Higher crustal densities are obtained in the Aegean Sea, north-central Anatolia, Pontides and Arabian platform (>2.8 × 10 3 kg m −3 ). Overall, the AAD displays weak lateral changes in average crustal density. The absence of correlation between crustal densities and crustal thicknesses (Fig. 2b) , in contrast with global observations by Zoback & Mooney (2003) indicates that Anatolia deviates from the global behaviour as far as isostasy is concerned.
I S O S TAT I C C RU S TA L M O D E L S
In this section, we present isostatic models based on the models of crustal thickness and crustal density obtained in Sections 2 and 3.
We first computed crustal thickness maps based on constant density (Airy-Heiskanen) and variable density (Airy-Woollard) models of isostasy using the topography and density values derived in the previous section. Fig. 8(a) shows the crustal thickness map computed from topography assuming the Airy-Heiskanen model with a compensation depth of 45 km and a constant density contrast between crust and mantle (0.315 × 10 3 kg m −3 ). The general trends of this map are similar to those of the crustal thickness map of Fig. 2(b) derived from receiver function analysis. The differences between observed and predicted crustal thickness vary by ±2.5 km over the AAD. This value is in the range of uncertainties on crustal thickness estimates with receiver functions. The large differences outside AAD indicate significant errors on crustal thickness and/or density estimates. In the AAD, the largest differences in thickness are observed along the Pontides and Taurides (Fig. 8b) . As documented by Fig. 5 and outlined in Section 3.1, both regions display anomalous behaviour in the correlations between topography and crustal thickness. Finally, we computed residual topography defined as topography corrected for isostatic adjustment using our crustal thickness and density model (Fig. 8c) . The largest negative residuals (-0.5 to -1.0 km) are observed in the Aegean Sea and Western Anatolia while we find slightly positive residuals in eastern Anatolia (+0.5 km) and overall weak residuals in central Anatolia (±0.25 km).
We emphasize that the residual topography displayed in Fig. 8 (c) cannot be solely interpreted as resulting from unaccounted tectonic forces (that may produce dynamic topography), but they can also be explained by uncertainties in crustal thickness and density estimates. In general, the uncertainties in crustal thickness estimates displayed in Fig. 2 are greater than 2 km, which may lead to >∼200 m uncertainties in the estimated residual topography. The influence of the crustal density variations on isostasy is investigated in Figs 8(e)-(h) following the variable crustal density variety of Airy isostatic theory introduced by Woollard (1962 Woollard ( , 1970 and modified by Wilcox (1976) , thereafter referred to as the Airy-Woollard isostasy model. The major features of the resulting maps (Figs 8d-f ) are similar to the map derived from Airy-Heiskanen model (Fig. 8a) . Large thickness differences (>5 km) are observed along Pontides and Taurides. The patterns of the residual topography maps are different for the Airy-Heiskanen model (Fig. 8c) and Airy-Woollard (Fig. 8g ) models. However, the spatial distribution of the residuals is almost random (Figs 8d and h ). Fig. 9 shows the histograms of residual topography computed from the two isostatic models. Both models display similar distributions and most residuals are within the [−0.5 km; 0.5 km] range.
Studies using global reference crustal models such as CRUST1.0 (Laske et al. 2013 ) result in residual topography estimates as large as 1500 m. We computed residual topography using CRUST1.0 with two density contrasts between crust and upper mantle, 0.315 and 0.55 10 3 kg m 3 (see residual topography maps in Fig. S6 ). The histograms of residual topography are shown in Fig. 10 . The residual topography is negative almost everywhere in the AAD for both values of density contrast, and it varies over a wider range (-1.5 to 0.5 km) than residual topography computed in our crustal thickness model (Fig. 9) . The distributions of residuals deviate significantly from the Gaussian shape of histograms in Fig. 9 . As expected, larger residual topography is observed for stronger density contrast. Any error in density contrast leads to overestimated residual topography. Fig. 2(b) and Bouguer anomaly map in Fig. 6(a). (b) Histogram of the density differences between crust and mantle at the same receiver locations as in Fig. 2(a) . (c) Crustal density distribution computed from the uppermost mantle density distribution estimated from Pn velocities and density difference between crust and uppermost mantle shown in Fig. 7(a) . The white areas are clipped. 
Mantle density variations
We constructed a 3-D density model for the upper mantle to 700 km depth using a P-wave velocity model estimated from teleseismic tomography (Aksarı 2018; Karabulut et al. 2018) . Fig. 11(a) shows a cross-section along the W-E profile 39.5
• N in the velocity perturbation model with respect to AK135, while Fig. 11 (b) displays our crustal thickness estimates and Bouguer anomaly along the same profile. The tomographic image is similar to the one presented by Biryol et al. (2011) , but it extends to Eastern Anatolia and has better lateral and vertical resolution as it uses more data recorded by a denser seismic array. The velocity perturbations are scaled to density perturbations so that 1 per cent variation in velocity would correspond to 100 kg m −3 density perturbation. Various density perturbation models have been used for the mantle beneath AAD in previous publications that compute mantle density anomalies and induced mantle flow Kaban et al. 2016) . Kaban et al. (2016) computed density perturbations in the mantle between depths 50 and 350 km by joint inversion of gravity and residual topography data constrained by seismic tomography data. They found mantle density perturbations in the range ±30 kg m −3 beneath AAD. Therefore, the scaling (100 kg m −3 δρ for 1 per cent δVp/Vp) selected here represents an upper bound. The computed gravity anomaly due to mantle heterogeneity along the 39.5
• N profile is shown in Fig. 11c (in blue) and compared with the observed Bouguer anomaly (in red). Computed gravity values vary between ±15 mGal and they are ∼10 times smaller than observed anomalies (±150 mGal). The strongest positive anomaly (+5 mGal) is located above the subduction zone of Figure 9 . Distributions of residual topography sampled at station locations shown in Fig. 2 for: (a) Airy-Heiskanen model (Fig. 8c) and (b) Airy-Woollard model (Fig. 8f) . Western Greece while the strongest negative anomaly (-15 mGal) is found above the low-velocity upper mantle of Eastern Anatolia. Fig. S7 shows the synthetic Bouguer anomaly map resulting from mantle density-velocity heterogeneities imaged by teleseismic tomography.
D I S C U S S I O N
We aimed at providing new clues to decipher which processes contribute to building and supporting the topography of the Anatolian plateau, to smoothing crustal thickness changes, and to homogenizing the crustal structure of a belt constructed by accretion of continental blocks. We extensively used results of receiver function analysis, gravity modelling and Pn and teleseismic tomography to draw the following inferences.
The state of isostasy in the AAD
The topography and crustal thicknesses are well-correlated (Fig. 6) . A nearly constant crustal density difference between crust and mantle is sufficient to explain the observed Bouguer anomaly with wavelengths of 100 km and longer. These two observations suggest that Airy-Heiskanen type isostasy prevails beneath AAD. Although isostasy holds for most of the domain, there are exceptions mainly along the northern and southern boundaries of Anatolia (Pontides and Taurides; Fig. 8 ).
Downloaded from https://academic.oup.com/gji/article-abstract/218/1/57/5420371 by Biblio Planets user on 12 June 2019 Figure 11 . (a) W-E cross-section at 39.5 • N in the P-wave teleseismic tomography model (Karabulut et al. 2018) . Velocity perturbations are computed with respect to AK135 reference earth model. Colour scale in the bottom part of the figure. (b) Crustal thickness (red) and topography (blue) along 39.5 • N. (c) Observed Bouguer gravity anomaly along 39.5 • N (red) and computed Bouguer gravity anomaly of the mantle (blue) using the velocity perturbation model in (a) converted to a density perturbation model. Note that the modelled gravity anomaly is 10 times smaller than the observed ones.
The density structure
The Anatolian crust does not show the significant seismic heterogeneities that might be expected from the initial tectonic buildup with amalgamation of different tectonic units. Smooth lateral changes in crustal thickness are detected by our CCP profiles (Fig. 3) that also document the lack of significant lateral heterogeneities within the crust as the main sutures between accreted blocks have no seismic signature in the CCP sections. This suggests that heating from the mantle may have played a strong part in the evolution of the overlying crust by smoothing out its original heterogeneous structure.
The fit of Bouguer anomaly to crustal thickness requires a low density contrast of ∼0.315 × 10 3 kg m −3 between crust and uppermost mantle over the whole AAD, while the global average is ∼0.45 × 10 3 kg m −3 according to Zoback & Mooney (2003) . If the global average would be used, then the residual topography would be much larger.
An elevation change of 1 km is supported by ∼9.4 km of additional crustal thickness in Anatolia while it requires only ∼7 km of additional crustal thickness in Tibet (Le Pichon et al. 1992) . This discrepancy is due to lower-than-average density contrast at Moho. As the crustal density in Anatolia is close to global average for continents (∼2.85 × 10 3 kg m −3 close to 2.83 × 10 3 kg m −3 estimated by Christensen & Mooney 1995) , the lower-than-average density difference at Moho requires a lighter-than-average upper mantle. This inference is supported by seismic tomography results (Pn, surface wave and teleseismic) that display low P and S velocities in the upper mantle of the AAD.
The mantle contribution
Excess topography reaching 2 km on average in Eastern Anatolia is often interpreted as due to mantle buoyancy and/or radial traction due to mantle flow (dynamic topography). This interpretation is based on the observation that most of the Anatolian plateau is underlain by low-velocity, low-density upper mantle. In the absence of an accurate crustal model, the apparent correlation between topography and the low-velocity mantle structure is the main justification for the hypothesis of buoyant mantle and/or dynamic topography. We tested this hypothesis by computing Bouguer response of the mantle density anomalies (Fig. 11) . Both the crustal thickness and topography overall follow the velocity-density perturbations: high topography and thick crust above low velocity-density mantle in Eastern Anatolia and low topography and thin crust above high velocity-density mantle in Western Anatolia. However, the contribution of the low velocity-low density mantle structure to the observed Bouguer gravity anomaly is small (Fig. 11c) , precluding any significant effect of the anomalous mantle on the buoyancy of the crust. Nevertheless, we do not rule out the dynamic component altogether. The corner flow (poloidal component) between the asthenosphere and the mantle wedge and toroidal flow around slab edges should have an important contribution to the topography, particularly in the southern Aegean. In fact, the isostatic anomalies for the eastern Mediterranean calculated by Balmino et al. (2012) show local maxima in the Cretan Sea, in agreement with the corner flow component. However, Balmino et al. (2012) 's model shows ∼25 mGal of isostatic anomaly spread over the Anatolian-Iranian plateau. Following the rule of thumb given in Molnar et al. (2015) , we may expect that a dynamic component at the base of the lithosphere is responsible for the support of a few hundred meters of plateau elevation.
Implications for the surface elevations
East-west almost linear variations of topography and crustal thickness (Fig. 5 ) display striking similarities. Both increase with a constant gradient from the Aegean Sea to Eastern Anatolia. From west to east, the increase rates of crustal thickness and topography are ∼1 and ∼0.1 km deg -1 , respectively, with almost a constant ratio of ∼9.4 for E-W profiles across the Anatolian plateau. However the smoothness of the topography and crustal thickness profiles change with latitude. The northernmost and southernmost profiles are more affected by long-wavelength variations than the ones located in the plateau (Fig. 5) . The profiles along Pontides (40.5 • N) and Taurides (36.5 • N) also display significant departures from constant gradient. Such constant gradients of Moho topology are also observed from receiver functions in the Tibetan plateau by Liu et al. (2014) . By analogy with the Tibetan plateau, this observation lends support to the lower crustal flow hypothesis under Anatolia in terms of smoothing out irregularities of crustal thickness variations (Royden et al. 1997) . Furthermore, this provides insights into thermo-mechanical weakening of the Anatolian plateau, especially for the region between the Pontides and the Taurides.
The role of the GPE
Constant gradients of topography and crustal thickness from the Aegean Sea to Eastern Anatolia not only suggest isostatic balance but also suggest that GPE (gravitational potential energy) differences may play an important part in shaping the landform (e.g. Ozeren & Holt 2010) . Wavelengths greater than a few hundred km are absent in the topography and crustal thickness profiles within the Anatolian Plate in-between Pontides and Taurides. The linear character of the topography and crustal thickness changes with longitude breaks down along the northern and southern coasts of Anatolia while isostasy still holds (Fig. 5) . In addition, the topography of the central Anatolian Plateau (between Pontides and Taurides) shows high elevations but low relief while Pontides and Taurides have higher elevations and large topography gradients towards the Black Sea and the Mediterranean Sea (see Fig. S8 ). We propose that the lithospheres of Pontides and Taurides are stronger than the lithosphere of intervening Anatolia and that the deformation of the weaker Anatolian Plate is channelized in-between the two strong blocks. The different lithospheric strengths of these three blocks would explain the observed differences in the east-west profiles of topography and crustal thickness (Fig. 5) . The constant gradient observed for Anatolia might result from the lower viscosity of the lithosphere while the strong lithosphere of the other two domains would prevent such a linear behaviour.
Thermal state of the crust
The Curie Point depth (CPD), which is defined as the depth where magnetic minerals lose their magnetization (∼580
• C isotherm, also referred to as the magnetic basement depth) gives direct clues on the thermal state of the crust. According to the map published by Aydın et al. (2005) , the CPD is shallower than 20 km everywhere in Anatolia except along its northern and southern coasts while the global average is 22.4 ± 5.5 km for continents (Li et al. 2017) . It even rises to ∼10 km in Western Anatolia in the region of the grabens of the Menderes Massif. High heat flow may be the key factor for the homogenization of the Anatolian crust. The CPD map suggests that the lithosphere of Anatolia has a non-uniform thermal state and strength with a hot and weak lithosphere being confined in-between rheologically stronger blocks along its northern and southern boundaries. This north-south heterogeneity is confirmed by seismic tomography of the Anatolian crust and upper mantle that display high velocities in the Pontides and along the Hellenic-Cyprus subduction while widespread low velocities are observed in-between (Biryol et al. 2011; Salaün et al. 2012; Delph et al. 2015; Karabulut et al. 2015) . We propose that the east-west GPE difference combines with the weak lower crust of Anatolia to contribute to the westward escape of Anatolia. East-west linear variations in topography and crustal thickness may also be explained by the weakness of the lower crust, which attenuates lateral changes.
C O N C L U S I O N S
Based on a new accurate crustal thickness model of the AAD and Bouguer anomaly modelling, we have shown that Airy-Heiskanen type isostasy prevails beneath most of the AAD. An anomalously low (0.315 × 10 3 kg m −3 ), spatially homogeneous density difference between crust and mantle is sufficient to explain the observed Bouguer anomaly with wavelengths of 100 km and longer. This low density contrast, ∼30 per cent lower than the global average may be attributed to the thermal state of the uppermost mantle, in particular to its anomalously thin lithospheric lid imaged by seismic tomography. This hot buoyant upper mantle supports the high topographies of the Anatolian plateau, showing once more that isostasy is a simple but fundamental physical process in the evolution of lithosphere.
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S U P P O RT I N G I N F O R M AT I O N
Supplementary data are available at GJ I online. Figure S1 . Seismicity map of the Eastern Mediterranean region reported by EMSC in 1999-2013 (magnitude > 2.8). The colours indicate focal depths. Elevations greater than 800 m are shaded in gray using GTOPO-30 global topography data set. Bathymetry data are derived from GEBCO/97-BODC from the text and Sandwell and Smith (1997a, b) . Figure S2 . Example of H-k analysis of receiver function (RF) records at permanent station BLCB located on the Aegean coast (38.3853 • N, 27.042
• E). Left-hand panel: radial RF plotted as a function of epicentral distance. Centre: radial RF plotted as a function of backazimuth. Right-hand panel: H-k semblance plot and estimated values of crustal thickness and V p /V s ratio. Figure S3 . A right rectangular prism in Cartesian coordinate system (Nagy 1966) . Figure S4 . Pn velocity versus density using the linear relation ρ = a + b V Pn (Romanyuk et al. 2007) . The coefficients for the red line are taken from Ludwig et al. (1971) and the other three lines from Romanyuk et al. (2007) . Figure S5 . (a) Pn velocity distribution from Mutlu & Karabulut (2011) . (b) Uppermost mantle density distribution computed from the Pn velocity distribution using the linear relation ρm = 0.7620 + 0.3185 V Pn (Ludwig et al. 1971) . Figure S6 . Topography and residual topography estimates for CRUST1.0 crustal thickness model using two constant density differences at Moho. Figure S7 . Bouguer gravity anomaly computed for the 3-D mantle density model estimated from the teleseismic tomography model. Figure S8 . 3-D views of the crustal thickness and topography.
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